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“As of January 1, 1998, amateur licensees and grantees will be expected to routinely evaluate their stations for 
potential human exposure to RF fields that may exceed the FCC-adopted limits for maximum permissible exposure (MPE). 
If such an evaluation shows that potential exposure will exceed the MPE limits, the amateur licensee must take appropriate 
corrective action to bring the station into compliance before transmission occurs (see 47 CFR § 97.13(c), as amended.” 


In August, the Commission issued a revised 


version of OET Bulletin 65, “Evaluating Compliance 
with FCC Guidelines for Human Exposure to Radio- 
frequency Electromagnetic Fields.” This revised 
bulletin, Edition 97-01, provides assistance in deter- 
mining whether FCC-regulated transmitters comply 
with limits adopted by the Commission in 1996 for 
human exposure to radiofrequency (RF) electromag- 
netic fields. (Report and Order, ET Docket 93-62, adopted 
August 1, 1996.) 


The new guidelines replaced the 1982 RF pro- 
tection guides of the American National Standards 
Institute, ANSI, which had been used by the FCC 
since 1985. For amateur stations, the new policy 
requires that the station be subject to “routine eval- 
uation” when it will be operated above certain thres- 
hold power levels. A routine evaluation is a formal 
determination as to whether the station conforms to 
the RF exposure requirements. In the past, al- 
though amateur stations were expected to comply 
with the FCC's guidelines, routine station evaluation 
was not required. 


On November 18", the FCC released Supple- 
ment B to Bulletin 65 which provides specific guid- 
ance for use by amateur radio applicants and licen- 
sees in evaluating their stations for compliance with 
the RF safety limits. This addendum is entitled, 


“Additional Information for Amateur Radio Stations,” 
and is the second supplement to be released in 
connection with Bulletin 65. Supplement A, issued 
earlier, provides additional compliance information 
for radio and television broadcast stations. 


Supplement B contains information, tables and 
figures that can be used by amateur station licen- 
sees in determining whether a station must be eval- 
uated for RF compliance, and, if so, how that evalu- 
ation can be accomplished. The publication was 
developed in consultation with amateur licensees 
and organizations, including the American Radio 
Relay League and the W5YI Group. 


It was Dr. Wayne Overbeck, N6NB (a profess- 
or at California State University, Fullerton) who sug- 
gested that the FCC should develop an additional 
RF safety bulletin aimed at amateur radio operators. 
He pointed out that vast numbers of amateurs are 
neither members of the ARRL nor subscribers to any 
amateur service magazines and consequently these 
educational sources are not sufficient to ensure ad- 
herence to the RF safety guidelines. 


He felt that a special version of OET Bulletin 
No. 65 for radio amateur operations could supple- 
ment Part 97 rules and be used by amateurs to cer- 
tify compliance with the RF exposure safety guide- 
lines. It would include charts and tables which would 
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assist amateurs in determining the required separation 
distances between antennas and inhabited areas for vari- 
ous power levels. 


N6NB prepared many excellent tables for Supple- 
ment B that give estimated distances to meet RF power 
density limits in the main beam of typical antenna installa- 
tions. Overbeck also suggested that amateurs be tested 
on this topic as part of operator license examinations. 
The FCC adopted both of his suggestions. 


The Commission also incorporated the proposal of 
the American Radio Relay League (ARRL) that amateurs 
should be required to certify, as part of their license appli- 
cation process, that they have read and understand the 
RF safety bulletins and the relevant FCC rules. 

The complete text of OET Bulletin 65 and the new 
Supplement B (about 150 pages total) can all be viewed 
and downloaded from the FCC's OET Wide World Web 
site at: http://www.fcc.gov/oet/. 


Follows is a highly capsulized version of the new RF 
Safety rules contained in Supplement B. 


Section 1: What it Radiofrequency Radiation? 


contains definitions of radiofrequency (RF) energy - and 
electromagnetic “radiation”, “waves” and “fields. The relation- 
ship of wavelengths to frequency is also discussed. “The RF 
part of the electromagnetic spectrum can generally be defined 
as that part of the spectrum where electromagnetic waves have 
frequencies that range from about 3 kilohertz (kHz) to 300 giga- 
hertz (GHz).” 


Section 2: FCC Exposure Guidelines and Their 
Application 


covers the exposure environments and time and spatial 
averaging. The FCC guidelines incorporate two separate tiers 
of exposure limits:that are dependent on the situation in which 
the exposure takes place and/or the status of the individuals 
who are subject to exposure. 


Occupationalcontrolled exposure limits apply to situa- 
tions in which persons who are exposed have been made fully 
aware of the potential for exposure and can exercise control 
over their exposure. Occupational/controlled exposure limits 
also apply where exposure is of a transient nature as a result of 
incidental passage through a location where exposure levels 
may be above general population/ uncontrolled limits (see 
below), as long as the exposed person has been made fully 
aware of the potential for exposure and can exercise control 
over his or her exposure by leaving the area or by some other 
appropriate means. 


Occupational/ controlled exposure limits apply to amateur 
licensees and members of their immediate household (but not 
their neighbors - see below). In general, a controlled environ- 
ment is one for which access is controlled or restricted. In the 
case of an amateur station, the licensee or grantee is the per- 
son responsible for controlling access and providing the 
necessary information and training as described above. 


General population/uncontrolled exposure limits apply to 
situations in which the general public are not be made fully 
aware of the potential for exposure or cannot exercise control 
over their exposure. Therefore, members of the general public 
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always fall under this category. Neighbors of amateurs and 
other non-household members would normally be subject to the 
general population/uncontrolled exposure limits. 


For purposes of applying these definitions, awareness of 
the potential for RF exposure in a controlled or similar environ- 
ment can be provided through specific training. Warning signs 
and labels can also be used to establish such awareness as 
long as they provide information, in a prominent manner, on risk 
of potential exposure and instructions on methods to minimize 
such exposure risk. For example, a sign warning of RF expo- 
sure risk and indicating that individuals should not remain in the 
area for more than a certain period of time could be acceptable. 


Time Averaging - A feature of the exposure guidelines is 
that exposures may be averaged over certain periods of time 
with the average not to exceed the limit for continuous expo- 
sure. The averaging time for occupational/controlled exposures 
is six minutes, while the averaging time for general population/ 
uncontrolled exposures is thirty minutes. 


It is important to note that for general population/uncon- 
trolled exposures it is usually not possible or practical to control 
access or otherwise limit exposure duration to the extent that 
averaging times can be applied. In those situations, it would 
normally be necessary to assume continuous exposure to RF 
fields that would be created by the on/off cycles of the radiating 
source. 


As an illustration of the application of time-averaging to 
occupational/controlled exposure (such as would occur at an 
amateur station) consider the following. The relevant interval for 
time-averaging six minutes. This means, for example, that dur- 
ing any given six-minute period an amateur could be exposed to 
two times the applicable power density limit for three minutes as 
long as he or she were not exposed at all for the preceding or 
following three minutes. 


Power-averaging consists of both the time of full exposure 
during any six (or thirty) minute period (i.e. the on-and-off trans- 
mitting time of the signal) and the “duty factor” of the transmit- 
ting mode being used. 


Section 3: Methods of Predicting Human Expo- 
sure 


This section discusses the many ways of predicting expo- 
sure and estimating compliance distances. These include using 
tables developed from field strength equations and antenna 
modeling. Compliance distances can also be estimated by us- 
ing calibrated field-strength measurements. 


Most amateurs will use various tables to estimate compli- 
ance distances for MPE limits. The simplest of these tables was 
developed using a far-field equation and assuming ground re- 
flection of electromagnetic waves from the RF source. This 
model, although simplified, has been verified to be a reasonable 
approximation against a number of dipole, ground-plane and 
Yagi antennas, based on computer modeling carried out by the 
ARRL. In most cases, however, the tables derived from this far- 
field approximation give conservative results that over-predict 
exposure levels. The W5YI Tables (see page 9 and 10) are 
probably the easiest of the tables to use. They are followed by 
a number of tables based on specific antenna types. 


The first step an amateur should take is to select the sim- 
ple table that best applies to your station and determine the esti- 
mated compliance distances for the relevant operating bands. If 
a compliance distance is less than the actual distance to an ex- 
posure location, the station “passes” and the evaluation is com- 
plete. It can be that simple. Remember that these distances 
are for the absolute distance from the antenna at any angle. 
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Section 4: Estimating Compliance Distances from 
Typical Transmitting Antennas 


These section contains a number of tables for amateurs 
who desire a more accurate estimate of the RF fields expected 
near their antennas. In many cases, a station that may not pass 
based on “worst-case” predictions could easily be shown to he 
in compliance using these tables. The ARRL tables offered in 
this supplement are only a few examples of a large number of 
tables prepared by that organization using this method. 


There are also several based on use of far-field power 
density equations assuming the reflection factor used by the 
EPA. These tables represent “worst case” estimates of the far- 
field equivalent power density. These tables should be used 
unless the exposure situation of interest is in the main beam or 
lobe of the antenna being considered. In the latter case, sur- 
face reflection would not necessarily be of major concern. 


Section 5: Controlling Exposure to RF Fields 


In order for an amateur to perform an evaluation of his or 
her station for RF compliance, the following questions should 
first be asked: 


Which category of exposure applies at the location(s) in 
question? (i.e. “controlled” or “uncontrolled.” environ- 
ment.) 


What type(s) of transmitting antenna is/are being used? 
What transmitting power levels will be used? 


How far is the area being evaluated from the antenna(s) in 
question? 


The tables in Supplement B can then be used to help de- 
termine compliance with exposure guidelines. If this supple- 
ment does not contain a table that is relevant to the particular 
station parameters, Bulletin 65 should be consulted for alterna- 
tive methods of determining compliance (e.g., calculations, 
measurements, etc.) 

After an evaluation is performed, if a determination is 
made that a potential problem exists, Section 4 of Bulletin 65 
should be consulted for a discussion of recommended methods 
for reducing or controlling exposure. Such methods could in- 
clude one or more of the following: 


Restricting access to high RF-field areas 


Operating at reduced power when people are present in 
high RF-field areas 


Transmitting at times when people are not present in high 
RF-field areas 


Considering duty factor of transmissions 

Time-averaging exposure 

Relocating antennas or raising antenna height 

Incorporating shielding techniques 

Using monitoring or protective devices 

Erecting waming/notification signage 

Limiting access may be the easiest method to reduce ex- 
posure. If an antenna is in an area where access is generally 
restricted (such as a fenced-in yard) it may be sufficient to sim- 
ply control access to the yard when transmissions are in prog- 
ress (assuming exposure levels exceed the guidelines in the 


yard). An antenna could also be placed high enough on a tower 
or mast so that access to high RF levels is generally impossible. 
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Reducing transmitting power can also significantly reduce 
exposure levels. The power output of a transmitter has a linear 
relationship with the power density exposure level that could be 
experienced by a person near the transmitting antenna. For ex- 
ample, if power output is reduced by 20% then power density at 
a given location will also be reduced by 20%. 


An often overlooked method of reducing exposure is by 
utilizing the inherent duty factor of the transmissions from an 
amateur station. The worst-case duty factor, 100%, occurs dur- 
ing continuous or "key down" transmissions. However, most 
amateur service two-way transmissions are more likely to be of 
the “key on, key off’ type, resulting in more typical duty factors 
of, say, 50%. 


Conclusion: 


The Commission has always relied on the skills and dem- 
onstrated abilities of amateurs to comply with its technical rules, 
and it will continue to do so. The Commission believes that 
amateur licensees and applicants should be sufficiently qualified 
to conduct their own evaluations and act accordingly. In OET 
Bulletin 65 and in Supplement B, the FCC attempts to provide 
the amateur community with as much information as possible to 
accomplish these tasks. In addition, Commission staff will con- 
tinue to be available to answer questions and provide further 
information if requested. The Commission will also continue to 
work with amateur organizations such as the ARRL to improve 
the usefulness, accuracy and inclusiveness of this supplement. 


Future editions of Supplement B (as well as of Bulletin 65) 
may be issued as needed to update the data and information 
provided here or to make any major corrections that may be 
necessary. In that regard, the Commission invites amateurs to 
provide input to FCC staff relating to evaluating RF exposure 
and the contents of the Bulletin 65 and its supplements. 


The FCC encourages the amateur community to continue 
its activities in developing its own methods and information for 
performing RF environmental evaluations. “We believe that 
these efforts will result in an improved and safe amateur service 
that will benefit both amateur licensees and those persons re- 
siding or working near amateur facilities,” the FCC said. 


Optional Worksheet and Record of Compliance 


Supplement B also contains an excellent fill-in-the-blank 
worksheet that takes you step-by-step through an evaluation of 
your station. It was prepared by the FCC's Barnett C. “Jay” 
Jackson, Jr., W3VG. 


During the early 1980's, Jackson worked in the Private 
Radio Bureau and for at least a couple of years, his primary duty 
was developing the ham radio license exam questions. As fast 
as Jay would develop them, Dick Bash (KL7IHP -remember 
him?) would have his "henchmen" (i.e. test takers who returned 
the “feed back” cards he stitched in the back of his “Final Exam" 
training books send them to him for republishing to the amateur 
community. Bash's thievery of Jackson's questions led to the 
question pool system which was already in use by the FAA in 
the aviation licensing field. Jackson now works with the FCC’s 
Common Carrier Bureau (Cellular Division.) 


This optional worksheet can be used to determine whe- 
ther routine evaluation of an amateur station is required by the 
FCC's rules. It also can be used as an aid in determining com- 
pliance. However, use of this worksheet is not required by the 
FCC. Once you determine what your output power to your 
antenna, you can easily determine the needed separation dis- 
tance to the controlled and uncontrolled environment by using 
the WSYI Tables. For 99% of all amateur stations, these are the 
only two tools that you will need. 
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Optional Worksheet and Record of Compliance with FCC Guidelines for 
Human Exposure to Radiofrequency Electromagnetic Fields for Amateur Radio Stations 


Instructions 


Introduction. This optional worksheet is intended to be help- 
ful when determining whether any particular combination of 
transmitting apparatus at an amateur radio station (“a setup”) is 
in compliance with the FCC rules [47 C.F.R. § 1.1310] concern- 
ing human exposure to radiofrequency (RF) electromagnetic 
fields. 


The purpose of the first section of this worksheet is to help 
determine, for any given setup of the amateur station, whether 
the routine RF evaluation prescribed by FCC rules [47 C.F.R. 

§ 1.1307(b)] must be performed before the setup can be used 
for transmitting. In the event that a routine RF evaluation must 
be performed, that requirement may be satisfied by completing 
the second section of the worksheet, by using methods outlined 
in OET Bulletin 65 or by employing another technically valid 
method. 


mon coaxial cables as feed lines. If there isn't any capability to 
measure the PEP output, the maximum PEP capability specified 
by the manufacturer may be used, or a reasonable estimate, 
based on factors such as measured power input, the maximum 
capability of the final amplifier devices or the power supply, may 
be used. 


Check the PEP output against Table 1. Because the 
PEP input to the antenna (H) can't be more than the PEP out- 


put (A), it's worthwhile at this point to take a quick look at 

Table 1 on page 3 of Supplement B to OET Bulletin 65. If the 
PEP output (A) does not exceed the value listed for the wave- 
length band under consideration, neither will the PEP input to 
the antenna (H). If that is the case, a routine RF evaluation is 
not required for this setup, and it isn't necessary to complete the 
rest of the worksheet. Otherwise, continue as follows. 


Item 10. Fill in the PEP output used in item 9, converted 
to dBW. The power unit dBW expresses the ratio of the power 
in question to 1 Watt, in deciBels. The following chart can be 
used to convert common PEP levels in Watts to dBW. For 
power levels that fall in between the levels given, use the next 
higher power. 


The person responsible for making the determination is 
the person named on the data base license grant as the primary 
station licensee or as the club, military recreation or RACES sta- 
tion license trustee, and any alien whose amateur radio station 
is transmitting from a place where the service is regulated by the 
FCC under the authority derived from a reciprocal arrangement. 
When completed, this worksheet may be retained in the station 
records so that if and when the setup is changed, it may more 
easily be re-evaluated. Do not send the completed work- 
sheets to the FCC. 


If the amateur station is to be operated on more than one 
wavelength band, or with several different antennas or combina- 
tions of apparatus, each is considered to be a separate setup. It 
might be helpful, therefore, to complete a separate worksheet 
for each setup. For an amateur radio station where two or more 
transmitters are used with the same antenna on the same wave- 
length band, it is only necessary to consider the setup that uses 
the highest power to the antenna input. 


Top of each page. At the top of each page are blanks to fill 
in the amateur station call sign (item 1), the wavelength band 
under consideration (item 2), and a number or identifier that will 
identify the each setup (item 3). The purpose for repeating 
these items on each page is so that the various pages of a 
particular completed worksheet could be reassembled if they 
were to become separated. Additionally, at the top of Page 1 of 
the worksheet, there are blanks for the location of the station 
(item 4), the name of the person completing the worksheet 
(item 5), and the date (item 6). 


Watts dBW Watts dBW 


Alternatively, the following mathematical formula can be 
used to do the conversion: 


Power gay = 10 X log (power watts) 


Items 114 and 12. Fill in the feed line type and loss (atten- 
uation) specification (C). The attenuation or loss of a feed line 
is higher for higher frequencies. Therefore, the wavelength 
band of operation must be taken into account when determining 
what the feed line loss specification is. Manufacturers of coaxial 
cables develop tables showing the attenuation of various types 
of cables at various frequencies. There are also graphs and 
charts showing feed line attenuation versus frequency in Teadily 
available amateur radio handbooks and publications. The con- 
servative approximate loss specifications for commonly used 
feed line type, given in the table on the next page, can also be 
used. In terms of feed line loss, a “conservative” estimate 
means that the feed line is very unlikely to have a lower loss 
than the estimate, although it may easily have a higher loss than 
estimated. 


Item 13. Fill in the length of the feed line in feet (D). Item 
14. Fillin the calculated feed line loss (E) in dB. Calculate the 
feed line loss (E) by multiplying the feed line loss specification 
(C) by the feed line length (D). Inherent feed line loss often 


Section | 


Items 7 and 8. Fill in the manufacturer and model of the trans- 
mitter or transceiver and any RF power amplifier, or a brief 
description of these if they are home built. 


Item 9. Fillin the Peak Envelope Power (PEP) output of 
the transmitter (use the PEP of the external amplifier, if one is to 
be used), in Watts (A). Many commercially manufactured trans- 
mitters and RF power amplifiers have a built-in power meter that 
can provide a measurement of PEP with reasonable accuracy 
for this purpose. Also, commercially manufactured external PEP 
reading power meters are available for stations that use com- 
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increases as the feed line ages. Also, feed line loss is consider- 
ably larger if the antenna impedance is not matched to the feed 
line impedance (causing a high SWR). However, for the pur- 
poses of this work sheet, do not consider or rely upon any addi- 
tional feed line loss attributable to feed line aging or mismatch. 


Feed Line Loss Specifications for 
Commonly Used Feed Lines - (dB/100 feet) 


RG-8A RG-8 “9913"& %”50Q Ladder 
Band RG-58 RG8X RG213 Foam Equiv. Hardline 


160m 0.5 0.4 0.3 0.2 0.2 0 
80/75m 0.7 0.5 0.4 0.3 0.2 0.1 
40m 14 0.7 0.5 0.4 0.3 0.2 
30m 1.4 0.9 0.6 0.5 0.4 0.2 
20m a7, 11 0.8 0.6 0.5 0.3 
2.0 4 0.9 0.7 0.6 0.3 

22 1.3 1.0 0.7 0.6 0.3 

2.4 1.4 an 0.8 0.6 0.3 

2.5 1.5 1.3 0.9 0.7 0.4 

3.5 21 ae 1.2 0.9 0.5 

6.5 3.6 3.0 2.0 1.6 1.0 

8.4 46 4.0 2.6 2.0 1.3 

12 6.5 5.8 3.6 2.8 1.9 

19 9.6 9.0 5.4 4.0 3.0 

23 12 11 6.4 46 3:7 

1.5 1.5 8.8 6.4 §.2 


Line 


Items 15 and 16. There may be other loss causing com- 
ponents in the feed line between the transmitter or external 
amplifier output and the antenna input. For example, there may 
be antenna switches or relays, directional couplers, duplexers, 
cavities or other filters. Usually the losses introduced by these 
components are so small as to be negligible. However, for set- 
ups operating in the VHF and higher frequency bands, the 
losses introduced by feed line components can be substantial. 
If this is the case, fill in a brief description of what these compo- 
nents are in item 15, and a conservative estimate of the total 
loss in dB in item 16, feed line components loss (F). Otherwise, 
write 0 (zero) in item 16. In terms of feed line component loss, 
a "conservative" estimate means that the feed line components 
are very unlikely to have a lower loss than the estimate, al- 
though they may easily have a higher loss than estimated. If the 
feed line component loss is not known, write 0 (zero) in item 16. 


Item 17. Fill in the PEP input to the antenna, in dBW (G). 
Calculate this by subtracting the calculated feed line loss (E) 
and the feed line components loss (F) from the PEP output in 
dBW (B), Expressed as a mathematical equation, this is: 


G=B-E-F 
If G is less than 17 dBW, a routine RF evaluation is not 


required for this setup, and it isn't necessary to complete the 
rest of the worksheet. Otherwise, continue as follows. 


Item 18. Fill in the PEP input to the antenna used in item 
17, converted to Watts. The following table can be used to con- 
vert PEP levels in dBW to Watts. The entries in this table cor- 
respond to the power levels in Table 1 in OET Bulletin 65, Sup- 
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plement B. For power levels that fall in between the levels giv- 


dBW Watts 


en, use the next higher power. 


dBW Watts 


Alternatively, the following mathematical formula can be 
used to do the conversion: 


POWET yy 


10 


Power, = 10 


Watts 


Item 19. If the setup under consideration is an amateur 
tadio repeater station, skip over this item and go directly to 
item 20. Otherwise, proceed as follows: Compare the PEP 
input to the antenna in Watts (H) to the power level listed in 
Table 1 in OET Bulletin 65, Supplement B, for the wavelength 
band to be used. 


If the PEP input to the antenna in Watts (H) is less than or 
equal to the power level listed in Table 1 of OET Bulletin 65, 
Supplement B, for the wavelength band to be used, put a check 
mark in the first box. This means that the FCC rules do not re- 
quire that a routine RF evaluation of the amateur radio setup be 
performed before it can be operated. It is not necessary to 
complete the rest of the worksheet. 


On the other hand, if the PEP input to the antenna in 
Watts (H) exceeds the power level listed in Table 1 in OET Bull- 
etin 65, Supplement B, for the wavelength band to be used, put 
a check mark in the second box. This means that a routine RF 
evaluation of this setup must be performed before it may be 
used to transmit. This requirement may be satisfied by complet- 
ing the second section of the worksheet, by using methods out- 
lined in OET Bulletin 65 or by employing any other technically 
valid method, 


Note: Items 20 through 26 are only for amateur radio 
repeater setups. 


Item 20. Fill in the manufacturer and model of the trans- 
mitting antenna for the amateur repeater setup, or a brief 
description of the antenna type (e.g. vertical collinear array). 


Item 21. Check the appropriate box to indicate whether or 
not the repeater antenna is mounted on a building. 


Item 22. Fill in the height above ground level of the 
lowest radiating part of the repeater antenna, in meters (|). One 
meter equals 3.28 feet. 


Item 23. Fill in the maximum gain of the repeater anten- 
na, in dBd (J), The term maximum gain means the highest an- 
tenna gain the antenna exhibits in any direction, not just in the 
direction of nearby places where people could be exposed to RF 
electromagnetic fields. The unit “dBd” means that the gain is 
expressed as’a ratio between the power flux density ("pfd") that 
the antenna in question produces and the pfd that a lossless 
half-wave dipole antenna would produce in free space (when 
both antennas have the same input power. Antenna gain of 
commercially manufactured antennas mounted in various typi- 
cal arrangements is generally measured by the manufacturer on 
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an antenna test range. The manufacturer may specify maxi- 
mum antenna gain in dBd or dBi or both. If the gain is specified 
in dBi, for the purpose of this item simply subtract 2.15 dB from 
the dBi specification to obtain the dBd. Take into account, if 
possible, any increase in the gain resulting from the mounting 
arrangement (e.g. if the antenna is side-mounted on a tower). If 
the it is a home built antenna, estimate the maximum gain likely 
to be realized for an antenna of that type. Although antenna 
gain includes antenna efficiency, assume the efficiency is 100% 
for the purpose of this item. 


Item 24. Fill in the maximum effective radiated power 
(ERP), in dBW (kK). Calculate this by adding the PEP input to 
the antenna in dBW (G) and the estimated maximum repeater 
antenna gain (J). Expressed as a mathematical equation, this 
is: 


K=GiJ 


Item 25. Fill in the maximum ERP used in item 24, con- 
verted to Watts (L), using the same methods as in the instruc- 
tion for item 18. 


Item 26. If Lis less than or equal to 500 Watts (or K is 
less than 27 dBW), a routine RF evaluation is not required for 
this amateur radio repeater setup. Furthermore, even if L ex- 
ceeds 500 Watts (i.e. K equals or exceeds 27 dBW), provided 
that the antenna is not located on a building and is installed 
such that the lowest point of the antenna is at least 10 meters 
(33 feet) above the ground level, a routine RF evaluation of this 
amateur radio repeater setup is not required. In either case, put 
a check mark in the first box. This indicates that a routine RF 
evaluation of the amateur radio repeater setup is not required 
before it can be operated. 


In all other cases, put a check mark in the second box. 
This means that a routine RF evaluation of this amateur radio 
repeater setup must be performed before it can be operated. 
This requirement may be satisfied by completing the second 
section of the worksheet, by using methods outlined in OET 
Bulletin 65 or by employing any other technically valid method. 


Section II 


Item 27. Fillin a brief description of the antenna. Ifitis a 
commercially made antenna, indicate the manufacturer and 


type. 


Item 28. Fill in the height above ground level of the low- 
est radiating pari of the antenna, in meters (M). One meter 
equals 3.28 feet. 


Item 29. Fillin the antenna gain in dBi (N). The term “an- 
tenna gain” generally refers to the field intensity at a given dis- 
tance radiated by the antenna with a given power input, relative 
to an ideal lossless reference antenna type such as a half-wave 
dipole (dBd) or an isotropic radiator (dBi), fed with the same 
power and measured at the same distance. Antenna gainis a 
result of the directivity (i.e. that more energy is radiated in some 
directions than in others) and the efficiency (that some portion of 
the energy is not radiated as electromagnetic fields, but is 
instead converted to heat as a result of electrical resistance in 
the antenna materials and its surroundings). For this item, 
consider only the directivity of the antenna. The efficiency factor 
is considered in items 35-36. 


Check Table 4. At this point, refer to Table 4 in Supple- 
ment B to OET Bulletin 65 (the W5YI table). For the wavelength 
band indicated in item 2, and using the PEP input to the anten- 
na (H) and the antenna gain (N) from the worksheet, find the 
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minimum necessary separation distances in meters from the 
antenna for uncontrolled and controlled environments. Pencil 
these distances in item 38 as (T) and (U) respectively. For 
power levels and antenna gains between those provided in the 
table, use the next higher values. This table is for a worst case 
analysis. Proceed now to the instruction for item 39, under- 
standing that, if the worst case distances derived using Table 4 
are not met in reality, they can be erased from item 38 and the 
evaluation can then proceed into further detail with the next 
instruction. 


Item 30. Fill in the emission type used (e.g. SSB, CW, 
FM, FSK, AFSK, etc.). 


Item 31. Fill in an emission type factor (O). The following 
table may be used. 


CW Morse telegraphy . . 

SSB voice 

SSB voice, heavy speech processing 
SSB AFSK 

SSBSSTV ... 


AM voice, 50% modulation 

AM voice, 100% modulation 
ATV, video portion, image 

ATV, video portion, black screen 


This emission type factor accounts for the fact that, for some 
modulated emission types that have a non-constant envelope, 
the PEP can be considerably larger than the average power. 
See also Table 2 in Supplement B of OET Bulletin 65 which pro- 
vides examples of duty factors for modes commonly used by 
amateur radio operators. 


Items 32 and 33. Fill in the transmit duty cycle and duty 
cycle factor. The duty cycle is the percentage of time in a given 
time interval (6 or 30 minutes) that the amateur radio station is in 
a transmitting condition, including instants where a transmission 
is in progress, but there is momentarily no power input to the 
antenna (e.g. the spaces between the “dits” and “dahs" of Morse 
telegraphy, the pauses between words of SSB telephony). The 
duty cycle factor is simply this percentage expressed in decimal 
form. For example, 20% becomes 0.2. 


This transmit duty cycle is one of the parameters that is most 
easily controlled by the amateur radio station operator. As an 
example, with directed net or list operation, consideration should 
be given to whether the station is a net control station (relatively 
more transmit time) or a check-in (lots of listening time, relatively 
less transmission). When transmissions are carried through a 
repeater, the repeater timer may serve as a reminder to limit the 
length of continuous transmissions. With casual two way con- 
versations, the transmit duty cycle could be approximated as 
50%. A more detailed discussion, with examples, is contained 
in Supplement B to OET Bulletin 65 under the heading of “Time 
and Spacial Averaging”. 


Item 34. Fill in the average power input to the antenna (Q), 
in Watts. This is calculated by multiplying the PEP input to the 
antenna, in Watts (H), by the emission type factor (O) and the 
duty cycle factor (P). Expressed as a mathematical equation, 
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this is: comply must not be used for transmission until it is brought into 
compliance. 


The evaluator should check the boxes [ ] next to any and all 
statements that apply to the evaluated amateur radio setup. 
The blank lines can also be used to elaborate on circumstances 
that support the conclusion. 


The first four check boxes are for the situation where, for any 
of various reasons, it is very unlikely or simply not possible for 
any person to be in a location where he or she would be 
exposed to radiofrequency electromagnetic fields that are strong 
enough to exceed the levels prescribed in the FCC Guidelines 
for Human Exposure. The second four boxes are for the 
situation where a person could be in a location where he or she 
could be briefly exposed to radiofrequency electromagnetic 
fields that are strong enough to exceed the levels prescribed, 
but that other considerations ensure that a person will not 
remain in that location long enough to receive exposure in 
excess of that allowed by the FCC Guidelines for Human 
Exposure. 


Q=HxOxP 


Check Tabl. 17 and/or 18-31. At this point, refer to 
Tables 5 through 17 (the Overbeck/Siwiak/FCC tables) and/or 
Tables 18 through 31 in Supplement B to OET Bulletin 65 (the 
ARRL tables). For the wavelength band indicated in item 2, 
and using the average power input to the antenna (Q) and se- 
lecting the appropriate table for the type of antenna, find the 
minimum necessary separation distances in meters from the 
antenna for uncontrolled and controlled environments. Note the 
limitations on appropriate use of these tables set forth in the 
bulletin. Write the distances found in item 38 as (T) and (U) 
respectively. For power levels and antenna gains between 
those provided in the table, use the next higher values. 


Items 35 and 36. This item can be used for calculating the 
power flux density in accordance with the methods outlined in 
OET Bulletin 65, where antenna efficiency is a significant factor. 
Fill in the antenna efficiency and antenna efficiency factor (R). 
The antenna efficiency is the percentage of the input power that 
is radiated as electromagnetic energy. The antenna efficiency 
factor is simply this percentage expressed in decimal form. For 
example, 20% becomes 0.2. For most antennas, the efficiency 
is high enough to be negligible. For some antennas, however, 


Optional Worksheet and Record of Compliance with FCC 
Guidelines for Human Exposure to Radiofrequency 
Electromagnetic Fields for Amateur Radio Stations 


particularly shortened vertical ground plane antennas, mobile 1. Call sign: 2. Wavelength band: 
whips, resistor broadbanded antennas, and small loops, the rad- 3. Setup #: 4. Station location: 
iation resistance of the antenna may be so low that a significant ie 

5. Evaluated by: 6. Date: 


portion of the energy is lost as heat in the antenna and it's 
ground system. Consult available amateur radio publications 
literature for more details. Otherwise, assume that the antenna 
efficiency is 100% and the antenna efficiency factor (R) is 1.0. 


Initial Determination as to whether a Routine Evaluation 
is required by FCC Rule Section 97.13 for this amateur 
radio station setup. 


7. Transmitter description: 
8. External amplifier description: 
9. Peak Envelope Power (PEP) output, 
in Watts: (A). Watts 
10. PEP output, converted to dBW: (B) dBW 
11. Feed line type: 
12. Feed line loss specification: (C) dB/100 ft. 
13. Feed line length: (D). feet 
14. Calculated feed line loss: (E) dB 
15. Other feed line components, if any: 
16. Feed line components loss: (F) dB 
17. PEP input to antenna, in dBW: (G). dBW. 
18. PEP input to antenna, 
converted to Watts: (H). Watts 


. INITIAL DETERMINATION FOR STATIONS OTHER THAN 
REPEATERS: (for repeater stations go to the next page) 


[ ] Based on the peak envelope power input to the antenna (H) 
calculated above, a routine evaluation is NOT required by 
FCC rules for operation as described of this setup in the stated 
wavelength band. It is not necessary to complete the rest of 
this worksheet. 


[ ] Based on the peak envelope power input to the antenna (H) 

calculated above, a routine evaluation is required by FCC 
tules for operation as described of this setup in the stated wavelength 
band. The licensee may satisfy the requirement for a routine 
evaluation by completing the rest of this worksheet. 


Item 37. Fillin the average power radiated (S). This is cal- 
culated by multiplying the average power input to the anten- 
na (Q) by the antenna efficiency factor (R). Expressed as a 
mathematical equation, this is: 


S=Q*R 


Item 38. This item is for filling in the distances, in meters, 
obtained from the various tables in Supplement B to OET 
Bulletin 65. It is also a good idea to jot the table number down 
next to this item so that the source of the distances indicated is 
known. 


Item 39. Fill in the actual estimated, calculated or measured 
shortest physical distances, in meters, between the radiating 
part of the station antenna and the nearest place where the pub- 
lic or a person unaware of RF fields could be present, and the 
nearest place where a person who is aware of the RF fields 
could be present, (V) and (U) respectively. 


Item 40. This item is a table where the evaluator may fill in 
calculated or measured power flux densities at locations where 
persons may be present. Power flux density may be calculated 
by methods outlined in Section 3 of Supplement B to OET Bul- 
letin 65. If valid measurements are made at a reduced power 
level (that would comply with exposure guidelines), it can be 
assumed that these measurements may be adjusted proportion- 
ally to predict field levels at a higher power. 


Conclusions Section 


At the end of the work sheet is a page where the evaluator 
can indicate his or her finding that the evaluated amateur radio 


setup is in compliance with FCC rules. A setup that does not . Repeater antenna description: 
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21, 


22. 


23. 


24. 


25. 


Repeater antenna location: [ ] mounted on a building 
[ ] not on a building 

Minimum repeater antenna height 

above ground level: (I) meters 

Estimated maximum repeater 

antenna gain: (J). dBd 

Maximum Effective Radiated 

Power (ERP), in dBW: (Kk). dBW 

Maximum ERP, converted to Watts: (L). Watts 


INITIAL DETERMINATION FOR AMATEUR REPEATER 
STATIONS: 


[ ] Based on the effective radiated power (L) calculated above and 


the antenna height (I) and location of the antenna, a routine 
evaluation is NOT required by FCC rules for operation as described 
of this amateur radio repeater station in the stated ‘worksheet P= 
band. Itis not necessary to complete the rest of this worksheet. 


Based on the effective radiated power (L) calculated above and 
the antenna height (1) and location of the antenna, a routine 
evaluation is required by FCC rules for operation as described 
of this amateur radio repeater station in the stated wavelength 
band. The licensee may satisfy the requirement for a routine 
evaluation by completing the rest of this worksheet. 


Reminders: 


A routine evaluation is not required for vehicular mobile or hand-held 
amateur radio setups. However, amateur radio operators should 
beaware ofthe potential for exposure to radiofrequency electromagnetic 
fields from these setups, and take measures (such as reducing 
transmitting power to the minimum necessary, positioning the 
radiating antenna as far from humans as practical, and limiting 
continuous transmitting time) accordingly to protect themselves 
and the occupants of their vehicles. 


The operation of each amateur radio setup must not exceed 
the FCC's guidelines for human exposure to radiofrequency 
electromagnetic fields, regardless of whether or not a routine 
evaluation is required. 


Although a particular amateur radio setup may by itself be in 
compliance with the FCC's guidelines for human exposure to 
radiofrequency electromagnetic fields, the cumulative effect 
of all simultaneously operating amateur radio setups (and any 
other operating transmitters in other services) at the same location 
or in the immediate vicinity must also be considered. 


Routine Evaluation of amateur radio station setup. 


. Antenna description: 

. Antenna height above ground level: (M). meters 
. Lossless antenna gain (directivity only): (N), dBi 

. Emission type: 

. Emission type factor: (O). 

. Transmit duty cycle: % 

. Duty cycle factor: (P). 

. Average power input to the antenna: (Q). 

. Antenna efficiency: _—=s % 

. Antenna efficiency factor: (R). 

. Average power radiated: (S) Watts 
. Minimum necessary distance from radiating part of antenna to 
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place where: 
- public may be present (uncontrolled) (7), meters 
- amateur radio operator may be 

present (controlled): (U). meters 


. Actual distance from radiating part of antenna to nearest place 
where: 


- public may be present (uncontrolled): (V). meters 
- amateur radio operator may be 

present (controlled): (W). meters 
. Calculated power flux density: 


= = 


CONCLUSIONS 


Based on this routine evaluation, operation of this amateur radio 
station setup in accordance with the technical parameters entered 
above complies with the FCC's guidelines for human exposure to 
radiofrequency (RF) electromagnetic fields. The following statements 
provide the basis for this conclusion. 


[ ] Itis physically impossible or extremely unlikely under normal 
circumstances for any person to be in any location where their 
exposure to RF electromagnetic fields would exceed the FCC 
guidelines, because: 


{ ] _ the antenna is installed high enough on a tower or 
tree or other antenna support structure, such that 
itis not possible under normal circumstances for persons 
to get close enough to the antenna to be where the 
strength of the RF electromagnetic fields exceed the 
levels in the applicable FCC guidelines. 


fences, locked gates and/or doors prevent persons 
who are unaware of the possibility of RF exposure 
from normally gaining access to locations where the 
strength of the RF electromagnetic fields exceed the 
levels in the applicable FCC guidelines. 


Although persons could normally be in location(s) where the 
RF fields from the evaluated setup exceed the guideline levels, 
the following factors ensure that FCC human exposure guidelines 
will not be exceeded: 


[ ] Signs have been installed that alert persons to the 
presence of RF electromagnetic fields and warn them 
not to remain for an extended period. 


[ ] The locations where RF electromagnetic fields may 
exceed the guideline levels are roadways or other 
areas where human presence is transient. 


WSYI REPORT are: 


December 15, 1997 


America’s Oldest Ham Radio Newsletter 
The W5yY!1 Tables - (Developed by Fred Maia, W5Y! Group, working in cooperation with the ARRL.) 


Estimated distances in meters from transmitting antennas necessary to meet FCC power density limits for 
Maximum Permissible Exposure (MPE) for either occupational/controlled exposures (“Con”) or general popula- 
tion/uncontrolled exposures (“Unc”) using typical antenna gains for the amateur service and assuming 100% duty cycle 
and maximum surface reflection. Chart represents worst case scenario. 


An example of how to read the chart: If you are radiating 500 watts from your 10 meter dipole (about a 3 dB 
gain), there must be at least 4.5 meters (about 15 feet) between you (and your family) and the antenna - and a distance 
of 10 meters (about 33 feet) between the antenna and your neighbors. The FCC has determined that radio operators 
and their families are in the “controlled” environment and your neighbors in the “uncontrolled” environment. 


(for the MF/HF Amateur Bands) - All distances are in meters 


Freq. Antenna 
(ME/HF) Gain Peak Envelope Power (watts) 
(MHz/Band) (dBi) 500 watts 1000 watts 1500 watts 
2.0 (160m) E j 0.3 0.5 0.5 0.7 0.6 0.8 
2.0 (160m) ! ! 0.5 0.7 0.6 1.06 0.8 ake! 
4.0 (75/80m) } | 0.4 1.0 0.6 1.3 0.7 1.6 
4.0 (75/80m) | t i 0.9 1.9 1.0 2.3 
7.3 (40m) ! ; i : 14 2.5 
7.3 (40m) ; A : } 1.6 3.5 
7.3 (40m) f : ! : : 4.9 
10.15 (30m) 
10.15 (30m) 
10.15 (30m) 
14.35 (20m) 
14.35 (20m) 
14.35 (20m) 
14.35 (20m) 
18.168 (17m) 
18.168 (17m) 
18.168 (17m) 
18.168 (17m) 
21.145 (15m) 
21.145 (15m) 
21.145 (15m) 
21.145 (15m) 
24.99 (12m) 
24.99 (12m) 
24.99 (12m) 
24.99 (12m) 
29.7 (10m) 
29.7 (10m) 
29.7 (10m) 
29.7 (10m) 


(for the VHE/UHF Amateur Bands) - All Distances are in meters 
Freq. Antenna 
(VHF/UHF) ~— Gain Peak Envelope Power (watts) 
(MHz/Band) (dBi) 100 watts 500 watts 1000 watts 


Con. Une Con. Unc. Con. Unc. 
50 (6m) ‘| g : f 32. 7/4] 4.5 10.1 
50 (6m) i i i 3 4.5 10.1 6.4 14.3 
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(VHF/UHF) 
(MHz/Band) 


50 (6m) 
50 (6m) 
50 (6m) 
50 (6m) 
144 (2m) 
144 (2m) 
144 (2m) 
144 (2m) 
144 (2m) 
144 (2m) 
144 (2m) 
222 (1.25m) 
222 (1.25m) 
222 (1.25m) 
222 (1.25m) 
222 (1.25m) 
222 (1.25m) 
450 (70cm) 
450 (70cm) 
450 (70cm) 
450 (70cm) 
450 (70cm) 
902 (33cm) 
902 (33cm) 
902 (33cm) 
902 (33cm) 
902 (33cm) 
1240 (23cm) 
1240 (23cm) 
1240 (23cm) 
1240 (23cm) 9 
1240 (23cm) 12 


Antenna 
Gain 


(dBi) §_50 watts _ 


Con. Une. 


ODwWwWO 


ss 
an 


0 
3 
6 
9 


AX = 
wy OMwWOlD 
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Peak Envelope Power (watts) 
100 watts 

Con. Unc 
2.8 6. 


-500 watts _ 1000 watts 


Con. Unc. 
4 6.4 14.2 


All distances are in meters. To convert from meters to feet multiply meters by 3.28. Distance indicated is shortest line- 
of-sight distance to point where MPE limit for appropriate exposure tier is predicted to occur. 


Amateur radio operators should be aware that the 
new FCC radiofrequency safety regulations address expo- 
sure to people - and not the strength of the signal. Ama- 
teurs may exceed the Maximum Permissible Exposure 
(MPE) limits as long as no one is exposed to the radiation. 


The updated MPE limits are indicated in electric 
(V/m) and magnetic (A/m) field strengths and power den- 
sity between 300 kHz and 300 MHz. MPE limits above 
300 MHz are specified in power density (mWW/cm?) only. 


There are two ways to determine whether your sta- 
tion’s radio frequency radiation is within the MPE guide- 
lines established for “controlled” and “uncontrolled” en- 
vironments. One way is direct “measurement” of the RF 
fields. The second way is through “prediction” using var- 
ious equations and calculational methods described in 


OET Bulletin 65 and Supplement B. The above tables 
were developed using the equations supplied by the FCC. 


In general, most amateurs will not have access to 
the appropriate calibrated equipment to make accurate 
field strength/power density measurements. The field- 
strength meters in common use by amateur operators and 
inexpensive hand-held field strength meters do not pro- 
vide the accuracy necessary for reliable measurements, 
especially when different frequencies may be encountered 
at a given measurement location. 


It is more feasible for amateurs to determine their 
PEP output power at the antenna using the RF Compli- 
ance Worksheet and then look up the required distances 
to the controlled/uncontrolled environments using the 
W5YI Tables. 


